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Abstract
Relationships between vapor pressure and (a) solvatochromic
parameters and (b) UNIFAC derived variables are described. For
the UNIFAC based equations, solute self-association in the con-
densed phase is modeled by calculating the interaction of the
solute in a reference matrix of methyl groups. An expression for
vapor pressure (r=0.99) ranging over 12 orders of magnitude and
covering a wide variety of structures is developed. Boiling
points are estimated through an analogous algorithm. Experimen-
tal data obtained by the gas saturation method are reported for
10 compounds.
Vapor pressure is important in disciplines ranging from
analytical chemistry to inhalation toxicology, and there is a
frequent need to estimate vapor pressure from structural or other
parameters. Good structure-vapor pressure correlations exist in
the engineering literature (1-6), but only for sharply defined
families of compounds, and a general reliable algorithm is una-
vailable.
The vapor pressure of a compound depends principally on its
size and on the degree of self-association in the condensed
phase. Estimating the associative contribution is difficult,
since polarizability, hydrogen bonding and other factors need to
be considered. In preliminary work (7) we found that vapor pres-
sure, VP (mm, at 25°C) can be correlated with the Kamlet-Taft
solvatochromic parameters (8) through eq 1
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log VP = 7.82 - 7.29 (VI/100) - 6.41 T* + 3.25 7*2 (1)
- 0.01 (mp-25) n=53; r=0.98
where V I is molecular volume, 7* is a measure of solute dipolari-
ty/polarizability and mp is melting point in °C. Equation 1
implicitly assumes that the entropy of vaporization is constant,
i.e. Trouton's rule is obeyed. The melting point (mp) term is an
entropy of fusion correction. It allows solids to be considered
as hypothetical liquids and enables both liquids and solids to be
covered by the same equation (9). Liquids are assigned a mp of
25 to remove the last term in eq 1.
Equation 1 was developed from structurally different com-
pounds ranging over 12 orders of magnitude in vapor pressure, and
the relationship is illustrated in Figure 1. The quadratic de-
pendence on v7 was unexpected, and could not be interpreted in
fundamental terms. Also, while solvatochromic parameters are
remarkably versatile in that they correlate a wide range of
properties, they are available for only a limited number of
compounds. Nonetheless, Figure 1 demonstrates the feasibility of
developing a general vapor pressure correlation from structural
parameters.
Molecular size and self-association can also be obtained
through the UNIFAC approach (10) which offers access to a wider
range of structures. UNIFAC is a group contribution technique.
Components in a given mixture are fragmented into groups, the
properties of the groups are calculated, and the components are
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then reconstructed from the groups. Since a variety of struc-
tures can be assembled from the same groups, mixtures can be
handled almost as easily as pure compounds.
Group areas and volumes are required in UNIFAC, as are
parameters for the interaction of every group with every other
group in the mixture. The activity coefficient - of a component
is expressed as eq 2
= rC RR (2)
where IC, (the combinatorial), represents size/shape differences
between the component and its matrix, and IR (the residual)
reflects interactive effects.
The activity coefficients cannot be used directly since '=1
for pure compounds. However, consider a situation where solute
infinite dilution activity coefficients are calculated in an
inert matrix. If the solute-matrix interaction parallels the
solute-solute interaction, then a means for estimating solute
self-association will be at hand. The approximation will be
tenuous for solutes that participate in hydrogen-bonding, dipolar
and other specific interactions. Nevertheless, we will show that
these effects can be factored out to yield an algorithm that is
both general and reasonably accurate.
Experimental
Vapor pressures were measured by the gas saturation method
(11). Here, gas flows through a tube packed with the test com-
pound. The saturated gas is then passed through a two-stage trap
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where the compound is removed. The amount of material transport-
ed by a known volume of gas is related to the vapor pressure.
Trapping is assumed to be complete if all the material is removed
from the gas in the first stage.
Test compounds were provided by the National Institute of
Standards and Technology. For the saturation step, samples were
loaded into 50 mm glass tubes (5 mm id.) held between glass wool
plugs. Liquids were first coated on glass beads by shaking an
ether or hexane solution of the sample with the beads and then
removing the solvent. The tubes were connected by ground glass
ball-and-socket joints to two traps in series containing 4 cm.
and 2 cm. of sorbent (either Tenax-GC or Lichrosorb RP-2) respec-
tively. Three of these assemblies were held in an insulated
wooden box maintained in a constant temperature room (± 0.5°C).
Prior to the start of the experiment, the apparatus was
temperature-equilibrated for several hours. Measurements were
made concurrently at 3 flow rates spread over a threefold range.
Flow was regulated by needle valves and averaged over the dura-
tion of the experiment. At the end of the saturation period
which varied between 1-150 hours, the trapping material was
removed, and the analyte was desorbed from each trap and deter-
mined by GC, GC-MS or HPLC. Corrections were made for the de-
sorption efficiency which varied between 70-100%.
The results are reported in Table I, and the uncertainties
are from measurements made over the 3 flow rates. Substantial
breakthrough to the second trap occurred for DDT and dibutyl
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phthalate, and these results could be underestimated. The value
for 2,4-dinitrophenol is probably also an underestimate. The
material contained a trace of an isomeric impurity which was much
more volatile than the component of interest, and concentrated in
the trap.
UNIFAC calculations were made through a program (obtained
from BRI) which accepts structures in SMILES notation (12). The
program incorporates the VLE parameters of Tiegs et al. (13) and
references cited therein. Vapor pressures were obtained from the
CHEMFATE database at Syracuse Research Corporation (14). Only
experimental values that were either measured at 250 or could be
interpolated to 25°C were selected.
Results and Discussion
The reference matrix is intended to be a general backdrop
for a wide range of compounds, and it should be symmetrical and
inert (i.e. without any functionality) to minimize bias. The
methyl group fulfills these criteria, and infinite dilution
combinatorials and residuals were calculated for the compounds in
Table II in a hypothetical matrix of methyl groups. The results
led to
log VP = 7.02 - (2.27 VU + 4.26 log yC) - 0.590 log ~R
- 0.01 (mp-25) (n=120; r=0.95) (3)
where VU is the UNIFAC volume term which is related to molecular
volume. The correlation is illustrated in Figure 2.
The bracketed term in eq 3 makes the principal contribution
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to VP. V U is related to log rC (r=0.97), and the purpose of
including both quantities is only to improve fit. Without the
log 7C term, r drops to 0.90. We emphasize that eq 3 is empiri-
cal. The bracketed term and the residual are intended to reflect
solute size and self-association, respectively, and further
interpretation is not warranted.
Some of the major outliers from eq 3 are listed in Table
III. Values for the carboxylic acids are overestimated, probably
because hydrogen bonding is not accounted for. Estimates for the
two siloxanes are unacceptable, and these compounds were excluded
from the data used to generate eq 3. Also, eq 3 takes no account
of gas phase association (which occurs, for example, for acetic
acid), and assumes that Trouton's rule is obeyed.
Since boiling point (BP) is the temperature at which vapor
pressure equals atmospheric pressure, a relationship analogous to
eq 3 is expected for BP. We obtained
log BP = -166 + 117 Vu + 235 log yC + 22.3 log -R
(n=108; r=0.95) (4)
for the compounds in Table II for which boiling points were
available; the equation is illustrated in Figure 3. As expected,
many of the outliers from eq 4 were the same as those in eq 3, as
shown in Table III. However, the deviations are systematic;
values that are too high in the vapor pressure correlation are
underestimated in the boiling point correlation. This provides a
convenient means of correcting eq 3 through the deviations ob-
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served in eq 4.
Equation 3 becomes
log VP = 6.96 - 2.25 V U - 4.24 log -C - 0.549 log rR
- 0.0193(BP - BPcalc) - 0.01 (mp-25)
(n=108; r=0.99) (5)
where BPcalc is the boiling point calculated from eq 4; the rela-
tionship is illustrated in Figure 4. Equation 5 successfully
handles the compounds in Table III which were outliers from
equation 3. Even the large deviations for the silicon compounds
are satisfactorily offset.
The average deviation in Figure 4 is 25%, and to place this
value in perspective, we compare (in Table I) our vapor pressure
data with values reported by Sonnefeld et al. (15). A procedural
difference was that Sonnefeld et al. (15) coupled their trap
directly to their hplc, a refinement that greatly improved preci-
sion. The degree of correspondence between the two sets of data
(at 25°C) in Table I is similar to the uncertainty of the Figure
4 relationship. Thus, eq 5 offers a general and reliable route
to vapor pressure, especially for relatively involatile compounds
where the uncertainty of measurement is high. Other correlations
of equal or greater accuracy have been reported (1-6,16), but
only for closely related compounds of relatively high vapor
pressure.
In summary, we have shown that solvatochromic parameters can
be used to estimate vapor pressure. We have developed two addi-
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tional relationships based on UNIFAC. One is intended for situa-
tions where the boiling point is unavailable, but it does not
apply to silicon containing compounds. The other includes boil-
ing point and is much more general with an average error of 25%.
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Figure 1. Correlation of Vapor Pressure with eq 1. Compounds
included are acenaphthene, acetophenone, anthracene, benzalde-
hyde, benz(a)anthracene, benzene, benzonitrile, biphenyl, buta-
nol, 2-butanol, 2-butanone, carbon tetrachloride, chlorobenzene,
chloroform, p-cymene, DDT, decachlorobiphenyl, m-dichlorobenzene,
2,4'-dichlorobiphenyl, 1,2-dichloroethane, diethyl ether, di-
methylacetamide, di-n-butyl ether, dimethyl formamide, dimethyl
sulfoxide, ethyl acetate, ethylbenzene, fluorene, heptanol,
hexachlorobenzene, 2,2',4,4',5,5'-hexachlorobiphenyl, hexanol,
methyl acetate, methylene chloride, naphthalene, nitrobenzene,
nitromethane, 2,2',3,3',5,5',6,6'-octachlorobiphenyl, octanol,
pentachlorobenzene, phenanthrene, propylbenzene, pyrene, pyri-
dine, 1,2,3,5-tetrachlorobenzene, 2,2',5,5'-tetrachlorobiphenyl,
1,1,2,2-tetrachloroethane, tetrahydrofuran, toluene, 1,3,5-tri-
chlorobenzene, 1,1,1-trichloroethane, triethylamine, p-xylene.
Figure 2. Correlation of Vapor Pressure with eq 3.
Figure 3. Correlation of Boiling Point with eq 4.
Figure 4. Correlation of Vapor Pressure with eq 5.
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Table I. Vapor Pressures of Some Compounds
vapor pressure (mm) ± (%sd)
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Table III. Some outliers from equations 3,4 and 5
Alog VPa Alog VPa ABPab
(eq 3) (eq 5) (eq 4)
acetic acid 1.33 0.22 - 58
diisopropyl ether -1.26 -0.09 62
ethylene glycol -2.19 -0.33 77
formic acid 1.08 -0.06 - 61
hexamethyldisiloxanec 3.04 -0.07 -156
hexane -1.11 -0.09 55
octamethyltetrasiloxanec 4.68 0.65 -203
propionic acid 1.29 0.25 - 56
1,1,1-trichloroethane -1.24 -0.14 57
ameasured minus estimated values; bin °C;
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Figure 4.
